
U.S. DEPARTMENT OF THE INTERIOR

U.S. GEOLOGICAL SURVEY

GLOBAL SUMMARY OF VOLCANO-DEFORMATION MONITORING

by

Cynthia M. Stine1

Open-File Report 90-651

This report is preliminary and has not been reviewed for conformity with U.S. Geological Survey 
editorial standards (or with the North American Stratigraphic code). Any use of trade, product, 
or firm names is for descriptive purposes only and does not imply endorsement by the U.S. 
Government.

*David A. Johnston Cascades Volcano Observatory 
5400 MacArthur Blvd. 
Vancouver, WA 98661



GLOBAL SUMMARY OF VOLCANO-DEFORMATION MONITORING

by Cynthia Stine

Introduction

Observation and measurement of surface deformation at volcanoes have been used for 
many years to monitor volcanic activity. Surface deformation from vertical and horizontal 
stresses can be manifested as horizontal and vertical movements in the form of strain, tilt, 
cracks, bulges, slumps, and changes in the gravitational field. Measured inflation and/or 
deflation of a volcanic edifice is interpreted to result from changes of pressure or volume within 
a volcano resulting from movement of magma under or into the volcano. Volcanoes may inflate 
weeks to months before an eruption and then deflate immediately before, during, or after the 
eruption. Analysis of these changes is used in conjunction with studies of other precursory 
activity to forecast and in some cases predict eruptions.

Current techniques to measure deformation changes at volcanoes include visual 
observations, electronic distance meter (EDM) measurements, water-tube tilt, single-setup 
leveling (formerly referred to as dry tilt or spirit-level tilt), electronic tilt, precise leveling, 
volumetric strain, triangulation, gravimetry, tide gauges, lake level, and Global Positioning 
System (GPS) measurements. Studies at individual volcanoes have been designed to collect 
baseline data, but more often than not the studies are initiated in response to elevated levels of 
volcanic unrest and baseline data do not exist. The current interest in volcanology and advances 
in technology have led to a diversification of methods since the first half of this century 
accompanied by an increase in the number of volcanoes that are being monitored.

The following database is a compilation of the current status of deformation monitoring 
at active volcanoes of the world. It is intended to provide a reference source for case studies. 
Data are drawn from published and unpublished papers and personal communication with 
various workers in the field of volcano-deformation monitoring. In many cases the scientific 
literature only partially answers the questions posed in the database even though efforts have 
been made to confirm the information presented in the following tables. Caution should be 
used in the interpretation of the data set.

Explanation of symbols used in the database tables

Volcano #
The volcanoes in this listing are arranged geographically, using the regional numbering 

system of the Catalog of Active Volcanoes of the World (CAVW), later modified and expanded 
by the Smithsonian Institution's Volcanoes of the World (Simkin and others, 1981). The first 4 
digits identify the volcanic subregion, the remaining 2 or 3 digits identify the individual volcano 
within the subregion.

Latitude and Longitude
Latitude and longitude are expressed as decimal fractions of degrees.



Rock type
The predominant or most recently erupted rock type is included for each volcano. For 

simplicity, rock type is categorized by silica content. Symbols and associated silica ranges are as 
follows:

B: basalt, < 52% SiO2
A: andesite, 52-62% SiO2
D: dacite, 62-70% SiO2
R: rhyolite, > 70% SiO2
U: unknown

Types of deformation monitoring (methods have been discussed elsewhere) 
E: EDM (electronic distance meter) 
T: tilt - single-setup leveling (dry tilt, spirit-level tilt, tilt-leveling, water-tube tilt, and

electronic tilt)
L: leveling - includes precise leveling and short level lines 
S: volumetric strainmeter 
R: triangulation 
I: tide gauge 
A: lake level 
G: gravity
C: crack measurement 
V: visual, air photos 
P: GPS (global positioning system)

Year that monitoring was initiated
The year that a particular monitoring technique was initiated is included to give the 

reader an idea of the size of the data set. For any kind of analysis, a large data set spanning 
periods of quiescence and unrest is preferable. A question mark is used when the year that 
monitoring was initiated is unknown.

Frequency of measurements
T: temporary, measurements were taken for a finite period and have been since

discontinued
0: continuous measurements (telemetered) 
1: remeasured more than once a month 
2: remeasured every 1 to 6 months 
3: remeasured every 6 months to 1 year 
4: remeasured less often than once a year 
?: frequency of measurement unknown

Has there been deformation?
Y: yes, there has been significant deformation, larger than the measurement error

estimated for that particular technique. 
N: no, there has not been any significant deformation larger than the measurement error

estimated for that particular technique. 
U: unknown, there is not enough information in the cited references to determine

whether there has or has not been significant deformation.



Other signs of unrest 
S: seismicity 
G: gas emissions
T: increased fumarole, hot-spring, or lake temperatures 
R: reduction in the magnetic field 
N: none 
U: unknown

Dates of unrest
This column is intended to note the most recent episode of unrest regardless of whether 

the unrest culminated in an eruption. In the absence of an episode of unrest the most recent 
eruption was noted.

Explosivity (largest known VEI)
The Volcanic Explosivity Index (VEI) attempts to quantify the magnitude of historic 

eruptions. It is a scale of 0 to 8 with the value of 0 representing the least explosive eruption and 
the value of 8 representing the most explosive eruption. A question mark (?) in this category 
indicates that there is either no historic record for a particular volcano or that the activity and 
resulting deposits have not been documented well enough to assign a number. The criteria used 
to define the assignment of these numbers to a specific eruption are detailed in Newhall and 
Self (1980). This information was included to give the reader an indication of the possible 
magnitude of an eruption from a specific volcano.
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